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Abstract – Feed efficiency and carcass and meat 
quality are economic relevant traits which have 
not been included in beef cattle breeding 
programs because of difficulties and high costs of 
phenotypic recording. Genomic selection has the 
potential of genetically improve these traits. Major 
favorable impacts on the economic and 
environmental sustainability of the beef industry 
are expected through lower production costs and 
more efficient beef production with reduced 
greenhouse gas emissions per unit of improved 
quality. This paper presents the design of the 
training population for genomic selection of these 
traits. Bulls from twenty five percent of the 
Uruguay Hereford breeder are being recorded in 
the feed efficiency trial. Preliminary results for 




Within-breed selection based on estimations of 
genetic merit such as Expected Progeny 
Differences (EPD) has proved to be an effective 
genetic improvement tool. Uruguayan 
information of genetic trends in Hereford and 
other breeds reported by Ravagnolo et al.[1] are 
examples of genetic improvement of 
economically relevant traits. Besides these 
significant contributions to a sustainable and 
profitable beef industry, outputs from 
“traditional” selection can be enhanced by 
genomic information. Genomic selection 
increase genetic gain by achieving higher EPD 
accuracies at younger ages of those traits already 
in the genetic evaluation [2]. It also provides the 
opportunity of incorporating economically 
relevant traits that cannot be recorded at an 
industry-wide basis, such as feed efficiency and 
carcass and meat quality traits [2]. 
 
Feed costs represents in Uruguay between 50% 
and 70% of the total beef cattle production costs 
(Soares de Lima, personal communication). 
Given this large impact on profitability, 
improving feed efficiency will have a high and 
favorable economic effect [3]. From the animal 
breeding point of view, the opportunities of 
genetic improvement by traditional breeding 
approaches were limited by the difficulties and 
high cost of measuring individual feed intake in 
large number of animals that would allow 
significant selection intensity [2]. Similarly, 
carcass and meat quality traits have received 
little emphasis in breeding programs, beyond the 
relevance of quality to improve/maintain 
competitiveness in the international market. 
 
A large national project with the main goal of 
enhancing competitiveness of the Uruguayan 
beef industry by implementing genomic tools to 
genetically improve feed efficiency and carcass 
quality was launched in 2013. One of the tasks is 
building the training population for feed 
efficiency and carcass and meat quality traits 
needed for the implementation of genomic 
selection by 2017. Improving feed efficiency, 
carcass and meat quality will have an important 
impact on the beef industry economic and 
environmental sustainability. Working 
simultaneously on both groups of traits enables 
reducing costs of a final product more suitable 
for the market, as well as, decreasing greenhouse 
gas emission and environmental load per unit of 
meat produced. 
 
The project is carried out by a multi institutional 
team that includes public and private 
organizations: the Uruguayan Hereford Breed 
Association (SCHU), the National Agricultural 
Research Institute of Uruguay (INIA), the 
Ministry of Livestock, Agriculture and Fishery 
(MGAP), the National Meat Institute (INAC), 
the Rural Association of Uruguay (ARU) and the 
Institute of Biological Research Clemente 
Estable (IIBCE). The research team comprises 
several disciplines from animal nutrition, 
quantitative genetics to biostatistics and 
genomics. A unique attribute of this project is 
the inclusion of information recorded by national 
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governmental institutions. The national 
traceability system from farm of origin to the 
consumer, which is under the responsibility of 
the National Livestock Information System [4] 
(MGAP) and the Electronic Information System 
for the Beef Industry (SEIIC) [4] developed by 
INAC will provide access to individual carcass 
data that is routinely recorded in all 
slaughterhouses and can be traced back to the 
farm where the animal was born. In addition, 
facilities were built and equipment installed in 
order to record individual feed intake to asses 
feed efficiency. This paper presents a detailed 
description of the design and preliminary results 
of feed efficiency measured in the first group of 
yearling bulls. 
 
II. MATERIALS AND METHODS 
 
Feed Intake. A training population for feed 
efficiency of 1000 Hereford bulls and steers 
will be built by the end of 2016. Individual 
feed intake data will be recorded using the 
Growsafe system installed at the Kiyú test 
station of SCHU, where three intake trials of 
100 days per year will be run. Numbers of 
animals per category and birth season are in 
Table 1. Protocols were established according 
to recommendations of the Beef Improvement 
Federation (BIF) [5,6]. Animals should have a 
minimum age of 240 days at the beginning of 
trial and a maximum of 390 days of age at the 
end.  
 
Table 1. Number of bulls and steers in the training 














A pre-conditioning period was defined before 
starting the trial with the objective of allowing 
animals to acclimatize to animals of different 
origin, the facilities and diet. This period 
includes: 10 days on pasture, 10 days on 
warming-up in a pen with traditional bunk and 
15 days of warming-up in Growsafe system 
bunks. Diet is formulated for post weaning 
animals. The test period is of 70 days when the 
animals will be fed ad libitum to avoid data 
bias due to restricted feeding. Individual intake 
is daily recorded by the Growsafe system 
though electronic scales inside the feed bunks 
which record every time the animal eats and 
the quantity. Live weights will be recorded 
every 2 weeks. Ultrasound measures (rib eye 
area, fat thickness, rump fat and intramuscular 
fat) will be taken at the beginning and end of 
the trial. 
 
Bulls and Steers. Pre-requisites were defined 
for bulls and steers in terms of information 
needed (in agreement with BIF guidelines [5, 
6]) and with genetic links to the Hereford 
population in the genetic evaluation database: 
(1) all bulls must have date of birth, birth 
weight and pedigree data known; (2) three or 
four yearling bulls per herd will be admitted 
from a minimum of two sires, and belonging 
to the same contemporary group at weaning. 
The selection of herds and bulls is optimized 
to get variation and maximize the genetic link 
between overall population and training 
population. In the case of the steers: (1) all 
animals should have date of birth, birth weight 
and sire identification, which will be 
previously confirmed by DNA parentage test, 
(2) more progeny per sire will be accepted 
with a maximum of 10 steers per sire; (3) 
steers should be of at least 2 sires per farm.  
 
Feed Efficiency. There are several indicator of 
feed efficiency, which will be evaluated during 
the project. However, studies will start by 
Residual Feed Intake (RFI), which is the 
preferred indicators used in beef cattle genetic 
evaluations [5,6]. Alternative equations to 
estimate RFI will be evaluated [7]. RFI is 
defined as the difference between an animal 
actual feed intake and its expected feed 
requirements for maintenance and growth 
[8,9]. Results presented here were estimated as:  
RFI= FI – E(FI) 
E(FI)= bo + b1 ADG + b2 MWT 
 
where FI is feed intake, E(FI) Estimated feed 
intake, bo is the intercept of the regression, b1 
and b2 the coefficients for Average daily gain 
(ADG) and Mid-test metabolic weight 
(MWT= Mid test weight^0.75). Significance 
of bo, b1 and b2 where tested by ANOVA 
analysis [10]. Factors that significantly 
affected each of the performance and 
efficiency traits (herd, sire, age of dam and age 
of the bull at the end of test) were determined 
using linear models in GLM procedure [10].  
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Results of other analysis as estimation of 
repeatability and variances components, 
genome wide association studies will be only 
presented later in the project, when enough 
data is available.  
 
Carcass and Meat Quality. This project will 
contribute data of 480 steers to the carcass and 
meat quality training population. After the 
feed intake trial, steers will be finished at Kiyú 
and slaughtered in a commercial 
slaughterhouse. Slaughter criterion will be an 
average final weight of 500kg of the whole 
group. The following carcass and meat quality 
traits will be directly measured by INIA and 
INAC staff: hot and cold carcass weight, 
conformation and fatness grades, quarters, 
primal and cuts weights. Additionally, samples 
from the Longissimus dorsi will be collected 
for evaluation of relevant quality attributes of 
meat:  meat and fat color, intramuscular fat 
percentage, pH, tenderness (Warner-Braztler), 
and intramuscular fat.  
 
Carcass and cut weights will also be collected 
by the SEIIC and linked to the animal through 
the traceability system. Based on these 
innovative tools, which are already in place, it 
will be possible to enlarge the training 
population with minimum phenotyping costs. 
Procedures to have the information delivered 
by internet and collated with the genomic 
database will be developed by INIA, INAC 
and MGAP. Protocols for accessing, collecting 
and delivering the information will be 
developed.  
 
DNA genotyping. Blood samples will be 
collected of young bulls and steers in the 
training population and semen or blood 
samples will also be collected of sires of 
animals in the training populations. DNA will 
be extracted at INIA laboratory and samples 
will also be kept in an Animal DNA Bank. 
DNA samples of tested bulls and steers will be 
genotyped with 700k SNP panel. Genomic and 
enhanced EPDs will be predicted using these 
genomic and phenotypic data, and in the 
context of the genetic evaluations of the 
Uruguayan Hereford breed by INIA. Different 
approaches will be tested from Bayesian 
approaches to single step method for GWAS 
and the estimation of genomics EPD [11]. 
 
III. RESULTS AND DISCUSSION 
 
Preliminary descriptive data of the first feed 
intake trial of 50 bulls are showed in Table 2.  
The pre-conditioning period of the second trial 
started in May with 122 bulls of a total of 41 
Herford herds participating in the genetic 
evaluation system. This implies that 25% of 
the total herds in the national genetic 
evaluation are already part of the training 
population. A high representativeness is very 
relevant of ensure a strong genetic link 
between the training population and animals 
that will be genotyped in the future because 
higher accuracies are expected. Greater 
accuracies would be expected for selection 
candidates more related to animals in the 
training population [12]. 
 
Table 2. Descriptive statistics for some traits 
measured in the Feed Efficiency trial. 
 
Traits Avg Min  Max 
Start age, d 301 274 316 
Finish age, d 387 360 402 
Start weight, kg 265 171 336 
Finish weight, kg 395 285 477 
Mid test weight, kg 326 221 400 
Metabolic mid weight, kg 76.0 57.4 89.5 
Avg, average; Min, minimum value; Max, maximum 
value 
 
Distribution of individual RFI estimates is 
presented in Figure 1. Efficient animals are 
those that eat less than expected and therefore 
have negative or low RFI values. On the other 
hand, inefficient animals present positive or 
high RFI.  
 
 
Figure 1. Individual animal variation in residual 
feed intake of yearling Hereford bulls 
 
This preliminary information suggests that a 
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confirming results published the literature 
[6,7,8].  
 
In agreement with the literature, RFI show no 
association with live weight (Figure 2). The 
lack of correlation between both traits implies 
the possibilities of improving efficiency 
independently of adult weight and growth rate. 
In addition, it would be possible to explore the 
association at genomic level among growth, 




Figure 2. Residual feed intake versus average live 




Uruguay have been able to generate a large 
multi-institutional project that started in 2014 
with the objective of building the training 
population of feed efficiency and carcass and 
meat quality traits to implement genomic 
selection. Feed intake performance of 170 bulls 
of 41 herds has been measured in the first 
semester. Preliminary results show phenotypic 
variability of feed efficiency and a favorable 
lack of association with live weight. The 
exploitation of underlying genetic variations of 
feed efficiency and carcass and meat quality by 
genomic selections will allow enhancing the 
beef industry economic and environmental 
sustainability through lower costs, higher quality 
and reduced environmental load. 
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Abstract – Production of organic beef from young 
cattle is not very developed in Denmark, in spite of 
a well-established organic dairy production with 
male off-spring. These calves are sold to 
conventional production, because of low 
performance in organic production systems. The 
purpose of this study was to test a concept for 
production of organic beef based on crossbred 
animals from dairy cows sired with a beef breed. 
The experiment included a comparison between 
spring-born pure-bred Holstein bulls (HB), cross-
bred Limousin x Holstein bulls (CB) and heifers 
(CH), 15 of each group. After weaning the calves 
were raised outdoor on pasture the 1st summer and 
indoor on a low energy grass-haylage ration over 
winter followed by pasture the 2nd summer and 
slaughter at a fixed age of 16.9 mo.  CB showed an 
improved daily gain, EUROP conformation, but not 
fatness compared with HB, which was inferior 
compared with the CH. A sensory evaluation 
showed more intense aroma and taste 
characteristics of the loin from HB compared with 
the other groups, whereas the tenderness of the loin 
and round from both HB and CB were inferior 
compared with CH, and is expected to be too low to 
fulfil consumer expectations of tender beef.  
 
I. INTRODUCTION 
Production of organic beef from young cattle is 
not very developed in Denmark even though there 
is a well-established organic dairy production 
which per se produces male off-spring. Production 
of organic beef requires among other things that 
the animals are raised outdoor during 6 months of 
the year and with large quantities (60% or more) 
of roughage in the diet. These rules are two of the 
major constraints for the development of the 
organic beef from young cattle as the pure-bred 
dairy breeds do not perform very well on diets 
rich in pasture and roughage and specifically 
classify rather poor on the EUROP conformation 
scale. The consequence is that the male off-spring 
from organic dairy production is sold for 
conventional beef production. Introduction of beef 
breed semen in the dairy herd could contribute 
with a better growth rate and higher carcass 
weight, i.e., higher muscularity of the crossbred 
animals, which in terms would improve overall 
production efficiency. Keeping offspring bulls as 
entire males is an alternative to utilize their full 
growth potential and also to address the welfare 
advantage obtained without castration and test if 
handling of bulls could be practised. The purpose 
of the present study was to test a prototype 
concept for production of organic beef from 
young cattle (entire males and heifers), based on 
crossbred animals from dairy cows sired with a 
beef breed, feeding a low energy diet during 
winter and high yielding clover-grass swards for 
summer grazing. In this paper, the effect of the 
prototype concept for efficient production of 
organic beef from young cattle on eating quality 
traits is presented. 
II. MATERIALS AND METHODS  
The study included spring-born crossbred 
Limousine x Holstein bulls (CB) and heifers 
(CH), 15 of each, which were compared with 15 
Holstein bulls (HB).  The calves were purchased 
20 days of age and slaughtered at the age of 16.9 
month. The calves were kept indoors in groups of 
5 animals of the same treatment group until 
weaning at 3 month. Average daily gain from 
birth to weaning was 724 g/d and not different 
between treatment groups. Calves were gradually 
introduced to a grass-silage based ration from 3 to 
4 month, and were then raised on a mixed 
ryegrass-white clover pasture from 4 to 7 month 
(1
st
 summer). From late October till mid-May, 
animals were kept in the same groups of 5 animals 
and were housed in deep litter stalls with free 
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access to a low energy grass-haylage ration. The 
2
nd
 summer, the animals were grazing in a 
rotational paddock system (18 paddocks) in the 
same groups of 5 animals (9 groups) and generally 
moved to a new sward every week. Animals were 
slaughtered directly from pasture in mid-August 
(3 x 5 animals, one block) or early September (6 x 
5 animals, two blocks) at a commercial slaughter 
plant (Danish Crown, Aalborg). The carcasses 
were weighed and classified according to the 
EUROP scale for conformation and fatness. 
Twenty-four hours post mortem the pH was 
measured in filet (M. longissimus dorsi) and 
Round (M. semimembranosus) in 8 animals of 
each treatment group and the two muscles were  
sampled for ageing at 4C for additional 13 days. 
Following ageing the muscles were stored at -
20C until sensory evaluation of the meat 3 
months later.  
The eating quality was evaluated by a nine-
member trained sensory panel on an unstructured 
scale from 0 to 15, with 0 representing minor 
aroma and taste characteristics and tough meat 
and 15 representing intense aroma and taste 
characteristics as well as tender meat. The filet 
(LD) was prepared as 20 mm steaks on a frying 
pan to an internal temperature of 63C and the 
round (SM) was prepared as a roast in an oven 
(100C) to an internal temperature of 63C. 
Data were analyzed using the MIXED procedure 
in Statistical Analysis System version 9.4 with 
treatment group and block and their interaction as 
fixed effects. The analysis of the sensory data 
included sensory assessor as repeated 
measurement in the model.  
III. RESULTS AND DISCUSSION 
The production and slaughter quality 
characteristics are presented in table 1. The 
crossbred bulls responded as expected with a 
higher daily gain in general, and specifically 
during the 2
nd
 summer the crossbred bulls showed 
the potential for a larger gain, even on pasture 
with an increase of 26% compared with the 
purebred Holstein bulls. The crossbreeding also 
improved the EUROP conformation markedly, 
and the crossbred heifers classified better than 
purebred bulls. The growth rate of HB on pasture 
is similar to what have been obtained earlier (1). 
The improved growth of beef crosses compared 
with HB has also been obtained by others (2, 3), 
but depending on the beef breed this is not always 
the case (4, 5). On the other hand, there was no 
difference in fatness of the two groups of pasture-
fed bulls, which were both too low and caused a 
penalty in the payment, whereas the crossbred 
heifers had an acceptable fat cover. The pH 
measured 24h post mortem in the filet and round 
did not differ between the treatment groups.  
 
Table 1 Production and slaughter quality characteristics 
of grazing Holstein bulls (HB) and Limousine x 
Holstein bulls (CB) and heifers (CH) 
 
 HB CB CH SEM P-
value 
Average daily gain 
2nd summer, g/d 
1081b 1357a 847c 50 0.001 
Average daily gain 
from birth to 
slaughter, g/d 
948b 1018a 841c 16 0.001 
Carcass weight, kg 272b 315a 249c 4.5 0.001 
EUROP 
conformation 
3.0c 7.0a 5.3b 0.15 0.001 
EUROP fatness 1.0b 1.2b 2.9a 0.07 0.001 
pH24 LD 5.88 5.61 5.55 0.10 0.27 
pH24 SM 5.62 5.56 5.59 0.03 0.44 
abcMeans within a row without common superscript letters are 
different at P < 0.05. 
At the sensory evaluation the panel recognised no 
variation in the aroma and the taste of SM (Table 
2) whereas the LD from HB had more gamy (P < 
0.003) and liver (P < 0.02) aroma and more gamy 
(P < 0.004) and bitter (P < 0.001) and less meaty 
(P< 0.002) taste compared with CB and CH 
(Table 3). Variation in aroma and taste between 
breeds has been recognised by others (6, 7), but in 
the present case the characteristic of the HB filet 
may be more pronounced because of the pasture-
feeding (8). The texture of both cuts was affected 
by the sex of the animals, thus the tenderness and 
chewing time was inferior in cuts from HB and 
CB compared with CH (P < 0.04) (Table 2 and 3).  
Comparisons of texture traits between meat from 
heifers and bulls often come out in the favour of 
the heifers (9), but not always (7). In the present 
study some of the difference may be explained by 
a difference in fat content, which may be expected 
from the difference in fatness score. The 
tenderness score of 5.7 and 5.2 for SM and 6.2 
and 6.1 for LD from HB and CB, respectively, is 
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expected to be too low to fulfil consumer 
expectations of tender beef.  In other studies a 
negative effect on meat tenderness has also been 
seen with animals slaughtered directly from 
pasture in comparison with animals either offered 
concentrate at pasture or fed indoor with mainly 
concentrate before slaughter (8,10). This can be 
related to a positive relationship between daily 
gain prior to slaughter and tenderness 
development post mortem (11) but also to a 
predisposition of the bulls held in a free range 
system for fighting and stress prior to slaughter, 
with negative consequences for the meat quality. 
 
Table 2 Eating quality of round (SM) from grazing 
Holstein bulls (HB) and Limousine x Holstein bulls 
(CB) and heifers (CH) 
 














Acidic 4.05 3.85 4.20 0.18 0.41 
Metal 4.01 3.64 4.04 0.35 0.64 
Liver 1.73 1.31 1.81 0.24 0.31 



















Acidic 5.23 4.87 5.16 0.16 0.28 
Game 2.91 2.76 2.57 0.26 0.65 
Sweet 3.38 3.13 3.00 0.17 0.28 
Liver 1.29 1.62 1.71 0.22 0.23 
Metal 4.27 4.03 4.28 0.31 0.73 




















Tenderness 5.71b 5.18b 7.67a 0.64 0.004 
Chewing time 9.53ab 9.97a 8.25b 0.52 0.035 
Juiciness 7.33 6.31 7.05 0.50 0.072 
abMeans within a row without common superscript letters are 
different at P < 0.05. 
IV. CONCLUSION 
In conclusion crossbred Limousine X Holstein 
bulls and heifers may be an alternative to purebred 
Holstein bulls in organic beef production of young 
cattle because of the improved gain and carcass 
conformation, aroma and taste, but the fatness and 
texture of the crossbred bulls need to be improved 
through changes in the production strategy, 
especially feeding prior to slaughter, and in the 
pre and post mortem handling. 
 
Table 3 Eating quality of filet (LD) from grazing 
Holstein bulls (HB) and Limousine x Holstein bulls 
(CB) and heifers (CH) 
 














Acidic 3.03 3.45 3.41 0.17 0.067 
Metal 2.72 2.51 2.23 0.34 0.38 
Liver 2.15a 1.76ab 1.14b 0.34 0.019 



















Acidic 4.37 5.15 5.04 0.43 0.11 
Game 3.51a 2.05b 1.43b 0.53 0.004 
Sweet 3.50 2.83 2.80 0.34 0.054 
Liver 2.07 1.52 1.33 0.27 0.12 
Metal 3.52 3.66 3.24 0.42 0.60 




















Tenderness 6.17b 6.12b 9.49a 1.84 0.017 
Chewing time 8.61a 8.25a 5.54b 1.70 0.018 
Juiciness 8.37 8.09 8.51 0.35 0.69 
abMeans within a row without common superscript letters are 
different at P < 0.05. 
ACKNOWLEDGEMENTS 
This project is part of the Organic RDD programme, 
which is coordinated by International Centre for Research 
in Organic Food Systems, ICROFS. It is funded by The 
Danish AgriFish Agency, Ministry of Food, Agriculture 
and Fisheries and by Aarhus University. Danish Crown is 
acknowledged for excellent support at sampling of 
muscles, Camilla Bejerholm, Danish Meat Research 
Institute, Technological institute, Roskilde is 
acknowledged for excellent performance of sensory 
analysis and Jens Askov Jensen, Aarhus University for 
excellent technical assistance.   
REFERENCES 
1. Therkildsen, M., Vestergaard, M., Jensen, L. 
R., Andersen, H. R. & Sejrsen, K. (1998). 
Effect of feeding level, grazing and finishing 
on growth and carcass quality of young 
friesian bulls. Acta Agric.Scand.Sect.A, 
Animal Sci. 48: 193-201. 
2. Keane, M.G. & Drennan, M.J. (2009). Effects 
of supplementary concentrate level in winter, 
                       19
60
th
 International Congress of Meat Science and Technology, 17-22
rd
 August 2014, Punta Del Este, Uruguay 
 
and subsequent finishing on pasture or indoors, 
on performance and carcass traits of Holstein-
Friesian, Aberdeen Angus x Holstein-Friesian 
and Belgian Blue x Holstein-Friesian steers. 
Livestock Science 121:  250-258. 
3. Juniper, D.T., Bryant,  M. J., Beever, D. E. & 
Fisher, A. V. (2007).  Effect of breed, gender, 
housing system and dietary crude protein 
content on performance of finishing beef cattle 
fed maize-silage-based diets. Animal 1: 771-
779. 
4. Keane, M.G. & Allen, P. (2002). A 
comparison of Friesian-Holstein, Piemontese 
X Friesian-Holstein and Romagnola X 
Friesian-Holstein steers for beef production 
and carcass traits. Livestock Production 
Science 78:  143-158. 
5. Keane, M.G. & Drennan, M.J. (2008).  A 
comparison of Friesian, Aberdeen Angus x 
Friesian and Belgian Blue x Friesian steers 
finished at pasture or indoors. Livestock 
Science 115: 268-278. 
6 Nuernberg, K., Dannenberger, D., Nuernberg, 
G., Ender, K., Voigt, J., Scollan, N. D., Wood, 
J. D., Nute, G. R. & Richardson, R. I. (2005).  
Effect of grass-based and a concentrate 
feeding system on meat quality characteristics 
and fatty acid composition of longissimus 
muscle in different cattle breeds. Livest. Prod. 
Sci. 94:  137-147. 
7. Hoving-Bolink, A.H.,. Hanekamp, W.J.A & 
Walstra, P. (1999). Effects of sire breed and 
husbandry system on carcass, meat and eating 
quality of Piemontese and Limousin crossbred 
bulls and heifers. Livest. Prod. Sci. 57: 275-
278. 
8. Vestergaard, M., Therkildsen, M., Henckel, P., 
Jensen, L. R., Andersen, H. R. & Sejrsen, 
K.(2000).  Influence of feeding intensity, 
grazing and finishing feeding on meat and 
eating quality of young bulls and the 
relationship between fibre characteristics, fibre 
fragmentation and meat tenderness. Meat 
Science 54: 187-195. 
9. de Huidobro, F.R., Miguel, E., Onega, E. & 
Blazquez, B. (2003).  Changes in meat quality 
characteristics of bovine meat during the first 6 
days post mortem. Meat Science 65: 1439-
1446. 
10. Bjorklund, E.A., Heins, B. J. DiCostanzo, A. 
& Chester-Jones, H. (2014) . Fatty acid 
profiles, meat quality, and sensory attributes of 
organic versus conventional dairy beef steers. 
Journal of Dairy Science 97: 1828-1834. 
11. Therkildsen, M., Melchior Larsen, L. Bang, 
H.G. & Vestergaard, M. (2002).  Effect of 
growth rate on tenderness development and 
final tenderness of meat from Friesian calves. 
Animal Science 74: 253-264. 
                       20
60
th
 International Congress of Meat Science and Technology, 17-22
rd
 August 2014, Punta del Este, Uruguay 
 
ELECTROPHORETIC PROFILE OF PROTEINS PRESENT IN THE 
RINSE WATER OF SURIMI PRODUCED WITH BULLFROG 
(Lithobates catesbeianus) MEAT  
Sinara P. Fragoso
1
, Edilza S. do Nascimento
1
, and Carlos A. A. Gadelha
2
 
1 Post-Graduate Program Food Science and Technology, PPGCTA, UFPB, João Pessoa, Paraíba, Brazil 
2 Department of Molecular Biology, DBM, UFPB, João Pessoa, Paraíba, Brazil  
*sinarafragoso@hotmail.com 
 
Abstract - The aim of this study was to 
characterize the approximate molecular 
weight of soluble proteins present in the rinse 
water of surimi produced with bullfrog meat. 
The electrophoretic profile was used to 










surimi produced from mechanically 
separated back (MSB) of bullfrog. The 
proteins were characterized by gel 
electrophoresis (SDS- PAGE). As a result, it 
was found that the content of soluble proteins 
in the rinse water of surimi showed higher 
level in the 1
st
RW (2.420 mg / mL), followed 
by proportional reductions in the 2
nd
 RW 
(1.590 mg / mL), 3
rd
 RW (0.620 mg / mL) and 
4
th
RW (0.305 mg / mL). The electrophoretic 
profile revealed a greater abundance of 
proteins with relative molecular weight in the 
range from 31.0 to 52.0 kDa and little bands 
of weight less than 24.0 kDa. The presence of 
protein bands weighing between 76 and 225 
kDa for the 1
st
RW was also verified, and in 
the other washes, bands were repeated in the 
same range, but in lower amounts. The 
proteins found can be recovered and have 
great potential for application in food 




 Bullfrog meat is nutritionally distinguished due 
to its high content of proteins of high biological 
value and its low fat content [1]. Brazil has the 
best technology for the production of Lithobates 
catesbeianus in captivity and is one of the 
largest world’s producers [2]. The legs 
(including the thigh) are the main edible and 
marketable part, which increases the cost of the 
meat due to the great waste of other cuts. The 
back, for example, consists of chest and arms 
and due to its low commercial value is used to 
obtain mechanically separated back (MSB) [3], 
and as raw material in the preparation of 
restructured products [4] [5]. 
There is a wide range of new products that can 
be used in the better utilization of frog MSB, 
among which includes surimi. The technology 
used to produce surimi allows adding functional, 
nutritional and commercial value for the 
production of restructured products [6]. In the 
industrial manufacturing process of surimi, meat 
is minced and washed repeatedly with cold water 
to remove sarcoplasmic proteins and impurities 
such as lipids to produce a tasteless and odorless 
product. As a result of washing, about 40-50 
g/100 g of pulp solids from fish (mainly 
containing water soluble proteins) are lost 
throughout the process [7]. Thus, 40-50 % of the 
product is considered improper for consumption 
and is discarded into the environment, which has 
caused a negative environmental impact. The 
recovery of proteins present in the rinse water of 
surimi would not only reduce the environmental 
impact and costs of waste disposal but also 
generate potential profits [7]. Some studies have 
been conducted aiming to use these proteins in 
obtaining proteases [8], in the production of 
edible biofilm [9] and re-use in surimi 
production [7]. 
Thus, the objective of this study was to quantify 
and analyze the electrophoretic profile of soluble 
proteins present in the rinse water of surimi 
produced with bullfrog (Lithobates 
catesbeianus) meat. 
 
I. MATERIALS AND METHODS 
 
The mechanically separated backs (MSB) of 
bullfrogs (Lithobates catesbeianus) were 
provided by the Laboratory of Frog Breeding 
and Aquaculture Products (LRPA) - CCHSA / 
UFPB. The animals were slaughtered at an 
average live weight of 230 ± 20 g, had their legs 
(thighs) separated and back submitted to 
mechanical deboning using mechanical deboner 
prototype (Patent MU 8200639-3). 
Surimi with MSB was produced according to 
methodology described by Kuhn et al. [10] with 
modifications (Fig. 1). 
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MSB was submitted to four successive washes in 
polyethylene tanks with cold water (T = 5°C), 
and the volume of water used was three times 
the sample weight (3:1, water / pulp). In each 
washing cycle, the pulp was wrapped in cotton 
cloth and drained through compression in 
stainless steel cylinder with pore size of 32 










Analyses of moisture, lipid, protein (N × 6.25) 
and ash in the MSB of bullfrogs were performed 
according to procedure described by Association 
of Official Analytical Chemists [11]. 
For the quantification of soluble proteins in the 
rinse water of surimi, the aqueous residue was 
centrifuged in refrigerated centrifuge (model 
2K15, Sigma, Germany) for 3 min at 3000 rpm 
to pellet insoluble proteins. The supernatant was 
used to quantify soluble proteins by the method 
of Bradford [12] using bovine serum albumin 
(BSA) as analytical standard. The protein 
quantification reading was performed using 
spectrophotometer at wavelength of 595 nm.  
The molecular profile of proteins present in the 
rinsing waters was determined by 
polyacrylamide gel electrophoresis (SDS-PAGE) 
according to method of Lammeli [13]. For this, 
protein samples were solubilized in 0.0625 M 
Tris-HCl buffer containing 2 % SDS, 2% 2-
mercaptoethanol, 10% glycerol and 0.010 % 
bromophenol blue, followed by the application 
of an aliquot in the stacking gel of 4 g/100 g and 
12.5 g/100 g in running polyacrylamide gel (10 x 
10.5 cm with 0.30 mm spacers) submitted to a 
constant current of 25 mA for approximately 2 
hours. Commercial standard Full-Range 
Rainbow
TM
 Molecular Weight Marker from GE 
Healthcare was used as molecular weight 
marker. After electrophoresis, the gel was 
stained according to procedure described by 
Weber and Osborne [14]. The dye solution was 
prepared using 1% Coomassie Blue R-250 
(Sigma Chemical Co.), 40% methanol, 10% 
acetic acid in distilled water. Bleaching was 
performed with solution containing 10% acetic 
acid and 20% methanol in distilled water. 
For better visualization of protein bands, the gel 
was submitted to development with silver 
nitrate, which was dehydrated with a 50% 
ethanol solution, being submitted to three 
washes of 20 minutes each. Then, a sodium 
thiosulfate solution was added (20mg/100 ml 
H2O) and held for 1 minute under gentle 
agitation. After this time, three quick washes 
were made in distilled water, then adding the 
silver nitrate solution (200 mg + 74 µL of 
formaldehyde in 100 mL H2O), maintained for 
20 minutes under gentle agitation. After this 
time, the gel was submitted to three rapid washes 
in distilled water and the developing solution 
was added (6 g of calcium carbonate + 50 µL 
formaldehyde + 2 ml of sodium thiosulfate in 
100 mL H2O). To stop the development, a 13% 
acetic acid solution was added [15]. 
 
III. RESULTS AND DISCUSSION 
 
The proximate composition analyses of the 
MSB of bullfrogs (Lithobates catesbeianus) 
are presented in Table 1. This table shows the 
large amount of proteins present in the raw 
material of surimi produced with MSB. 
 
Table 1. Proximate composition of  MSB samples 
Sample MSB 
Moisture (%) 76,75 
Ash (%) 2,30 
Protein (%) 18,19 
Lipid (%) 2,74 
 
Regarding the contents of soluble protein, 1
st
RW 
contained the highest level (2.420 mg / mL), 
followed by 2
nd
RW (1.590 mg / mL), 3
rd
RW 
(0.620 mg / mL) and 4
th
RW (0.305 mg / mL) 
(Fig. 2). The same behavior was observed in a 
study with surimi made with catfish 
(Nemipterushexodon), with levels of 1.23 mg / 
mL, 0.64 mg / mL, 0.54 mg / mL, respectively, 
in three rinse waters [7]. 
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Figure 2. Concentration of water-soluble proteins in 
surimi rinse water at different wash stages. 
 
The electrophoretic profile obtained by PAGE-
SDS of proteins present in the four washings is 















Figure 3. SDS-PAGE patterns of water-soluble 
proteins in surimi rinsewater at different wash stages 
stained with Coomassie 
 
After examining the bands present on the 
electrophoresis gel, it was found that most of the 
soluble proteins of the 1
st
WS had relative 
molecular weight (MW) between 31.0 and 52.0 
kDa, with some bands of molecular weight 
below 24.0 kDa. Some proteins weighing 
between 76 and 225 kDa were also observed. 







similar molecular weights, although present in 
lower amounts. Similar results were found by 
Bourtoom et al. [7], where the range of higher 
protein concentration was between 23.2 and 71.6 
kDa. Iwata et al. [16] also found soluble proteins 
in the range between 30.0 and 66.6 kDa, and a 
well-defined band of approximately 98.0 kDa in 
the rinse water of surimi prepared with blue 
marlin (Makaira mazara). 
Silver stained gels have better sensitivity in the 
detection of proteins present in low 
concentrations. Thus, after staining the gel 
with silver (Figure 4), bands of lower 
molecular weight were observed, which were 
not previously observed when the gel was 
stained with Coomassie. It was also observed 
that for proteins with molecular weight close 
to 52 kDa and less than 24 kDa, there was a 
decrease in their concentrations in solution 

















Figure 4. SDS-PAGE patterns of water-soluble 
proteins in surimi rinse water at different wash stages 
stained with silver nitrate 
 
As previously mentioned, the largest amount 
of soluble proteins present in the washing 
cycles are in the range from 31.0 to 52.0 kDa. 
Studies have used these proteins in the 
production of edible biofilms [16], and claim 
that substitution of up to 10% of recovered 
proteins keeps the gel features such as 
hardness, elasticity, color and water retention 
[17]. 
These proteins can also be recovered by 
lyophilization, which in turn, when added to 
food products, enrich these products with high 
biological value proteins and avoid the 




Soluble proteins recovered from the rinse 
water of surimi produced with mechanically 
separated back (MSB) of bullfrog have great 
potential for application in food products and 
in the production of biofilms. Future studies 
are needed to define new ways of using these 
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Abstract – For formulating pig diets, tabulated 
nutritional requirements are commonly used, 
which are established with a margin of safety in 
order that all animals express the maximum 
response, which may result in greater amount of 
nutrients excreted. The aim of this study was to 
evaluate nutritional programs, reducing dietary 
nutrient levels, through InraPorc® modelling 
software on meat quality of finishing pigs. Forty 
females and 40 barrows were used, distributed in 
a randomized block design with initial body 
weight and sex serving as the blocking factors, 
with two treatments and 10 replicates per 
treatment, with four animals per experimental 
unit. The finishing period was divided in two 
phases. Diets were formulated for each phase, one 
of the treatments adjusted by InraPorc® model 
(D1) and the other was the control diet (D2) 
formulated with tabulated values [3]. Color 
parameters (L*, a* and b*), pH, drip loss, 
marbling and color scores, evaluated on loin and 
ham, were not affected (P> 0.05) by diet. The 
results showed that the nutritional adjustment is a 





Currently, the feed formulation method used in 
industry is the linear minimum cost, which, 
respecting a set of linear constraints, determines 
the level of incorporation of an ingredient that 
will provide the lowest ultimate cost per kg of 
feed [1]. Commonly, nutritionists use nutritional 
requirements arising from tables developed in 
research centers to formulate pig diets. In these 
publications, the nutritional recommendations 
are established considering a margin of safety, 
so that all animals express the maximal response 
(weight gain, protein deposition), because the 
same recommendation is addressed to 
heterogeneous populations. However, the high 
nutrient concentrations found in swine manure 
[2] have caused discussions aiming the 
development and implementation of nutritional 
methods to reduce the environmental impact of 
pig production, maintaining the same pork 
quality parameters. Thereby, the InraPorc® 
software could be an efficient tool to adjust the 
nutrient level of diets according to the real 
requirements of the animal, with minimum 
excess. However, in Brazil, there is no 
application of this model beyond the research 
context. The aim of this study was to evaluate 
the effect of dietary programs with reduced 
crude protein (CP), total phosphorus (TP) and 
amino acids (AA) levels in the diets of pigs, by 
using InraPorc® software, on pork quality. 
 
II. MATERIALS AND METHODS 
 
Forty females and 40 barrows were used, 
distributed in a randomized block design with 
initial BW and sex serving as the blocking 
factors, with two treatments, 10 
replicates/treatment, and four animals per 
experimental unit. The experimental period was 
49 days to data collection, and the average initial 
body weight (BW) was 79.91 kg. The finishing 
period was divided in two phases. Diets were 
formulated for each phase, according to the 
treatments: diet adjusted by InraPorc® model, 
reducing the dietary CP, AA and TP levels (D1), 
and control diet formulated with tabulated values 
(D2) [3]. 
Forty five minutes after the slaughter the 
measurement of pH (pH45m) and temperature 
on the loin (longissimus thoracis) and ham 
(semimembranossus) was carried out. After 24 
hours of cooling at temperature ranging from 2-
8ºC, the pH was measured again (pH24h) and 
samples were collected for further analysis. The 
marbling score (loin) and subjective color (loin 
and ham) was performed after 20 minutes of 
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exposure to air, allowing the stability of the 
pigments [4]. 
The color was also measured by CIE Lab system 
(L*, a*, b*) with the aid of a Minolta 
colorimeter (Minolta Camera Ltda., Japan). The 
drip loss followed procedures suggested by the 
American Meat Science Association [5]. The 
drip loss was obtained by weight difference of 
meat sample, between eight and 12 g, before and 
after refrigeration, and the data was expressed in 
percentage of initial weight [6]. 
Diets were analysed for dry matter, nitrogen, 
calcium and phosphorus following the 
procedures of the Association of Official 
Analytical Chemists [7]. Data were subjected to 
analysis of variance using the GLM procedure of 
SAS [8], considering the effects of treatment, 
block (initial BW), sex, and treatment and sex 
interaction. When interactions were significant, 
their means were compared by Tukey test 
(P<0.05). 
 
III. RESULTS AND DISCUSSION 
 
Nutritional adjustment by InraPorc® software 
provided 8.92% of reduction in the TP level in 
phase finishing I and 15.35% in phase finishing 
II. In phases finishing I and II, there was a 
reduction of 9.41 and 21.39%, respectively, in 
digestible lysine, 5.77 and 18.53%, respectively, 
in methionine, and 3.23 to 14.81%, respectively, 
in tryptophan. In the phase finishing II the 
threonine level was reduced by 18.63%. CP was 
reduced by 8.31 and 11.06% at finishing I and II 
phases, respectively (Table 1). 
Treatments did not affect (P>0.05) the pork 
quality standards evaluated in the loin and ham 
(Table 2), except for the a* value of the ham, 

















Table 1. Chemical and calculated composition of the 
experimental diets. 
 
Stuffs FI - 80-105 kg FII - 105-130 kg 
 D1 D2 D1 D2 
Corn 81.099 75.099 83.426 79.728 
Soybean meal 16.582 22.389 14.580 17.962 
Dicalcium 
phosphate 
0.595 0.829 0.539 0.759 
Limestone 0.751 0.664 0.688 0.606 
Soybean oil 0.188 0.194 - - 
Salt 0.309 0.309 0.404 0.404 
L-Lysine 0.158 0.183 0.103 0.211 
Vitamin 
premix1 
0.150 0.150 0.150 0.150 
Mineral 
premix2 
0.100 0.100 0.100 0.100 
L-threonine 0.030 0.044 - 0.047 
DL-
methionine 
0.024 0.040 - 0.030 
L-tryptophan 0.005 - - 0.003 




3230 3230 3230 3230 
DM (%)** 87.79 87.86 88.41 88.21 
CP (%)** 14.78 16.12 12.55 14.11 
Ca (%)** 0.800 0.720 0.461 0.421 
P avaiable 
(%)* 
0.270 0.248 0.257 0.231 
Total P (%)** 0.439 0.482 0.386 0.456 
Dig lys (%)* 0.751 0.829 0.588 0.748 
Dig met (%)* 0.245 0.260 0.189 0.232 
Dig thre (%)* 0.556 0.555 0.415 0.510 
Dig try (%)* 0.150 0.155 0.115 0.135 
 





 product: Vit. D3, 150000UI; Vit. E, 
15000UI; Vit. K3, 1500mg; Vit. B1, 1350mg; Vit 
B2, 4000mg; Vit B6, 2000mg; Vit. B12, 
20000mcg; Pantothenic acid, 9350mg; Niacin, 20g; 





 product: Zn, 100g; 








Calculated composition; **, Analysed composition; 
ME, metabolizable energy; CP, crude protein; Ca, 
calcium; P, phosphorus; Dig, digestible; Lys, 
lysine; Met, methionine; Thre, threonine; Tryp, 
tryptophan. 
 
Teye et al. [9] suggest that if the CP level of the 
diet had no effect on drip loss, pre-slaughter 
conditions were appropriate and the pH and 
water holding capacity evolved normally. In the 
present study, the drip loss mean in loin was 
6.64% and 3.19% in the ham and the final pH of 
the meat was 5.60 and 5.70 for loin and ham, 
respectively. 
In this study there was no statistical difference 
(P>0.05) for marbling score, with a mean value 
of 1.97. Pigs that consumed diets with lower CP 
have higher intramuscular fat [10]. That is 
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because low CP diets provide smaller animal 
energy expenditure to deaminate the excess of 
AA, resulting in more net energy in the diet, 
which may reflect the increased fat deposition in 
the carcass. Thus, we can conclude that in the 
present study the dietary CP, TP and AA 
reduction did not caused deficiency of these 
nutrients to the animal, which maintained the 
same standards of pork quality. 
The sex-treatment interaction was significant 
(P<0.05) for the pH24h in the loin and ham 
temperature 45 minutes after slaughter. The pH 
was higher for barrows (5.70) compared to 
females (5.60), for animals fed D2. Despite the 
significant interaction, the values are within 
those observed in previous studies [11] and 
within the range considered for normal pork 
quality [4]. 
Table 2. Pork quality of finishing pigs fed diet with 
low nutrient levels (D1) and recommended values 
(D2). 
 Treatments P-value RSE 
 D1 D2 Treat Int  
 Loin  
L* 46.30 46.00 0.708 0.388 2.306 
a* 3.78 3.66 0.667 0.248 1.028 
b* 4.56 4.46 0.812 0.464 1.054 
pH45m 6.30 6.40 0.133 0.106 0.177 
pH24h 5.60 5.60 0.704 0.010 0.108 
Temp 45m 26.50 26.60 0.135 0.988 0.716 
Corlor1 3.78 3.53 0.460 0.195 0.955 
Marbling2 2.13 1.80 0.152 0.377 0.729 
Drip loss (%) 6.07 7.20 0.527 0.738 2.607 
 Ham  
L* 43.40 44.00 0.472 0.661 2.452 
a* 6.10 5.33 0.018 0.833 1.018 
b* 4.95 4.89 0.893 0.587 1.171 
pH45m 6.50 6.50 0.435 0.260 0.175 
pH24h 5.70 5.70 0.235 0.071 0.096 
Temp 45m 26.60 26.80 0.122 0.044 0.624 
Color1 3.80 3.88 0.450 0.065 0.629 
Drip loss (%) 3.40 3.17 0.520 0.705 1.346 
 
pH45m, pH 45 minutes after slaughter; pH24h, pH 
24 hours after slaughter; Temp 45m, temperature 
45 minutes after slaughter; 
1 color score; 2 marbling 
score; P, probability; Treat, treatament; Int, 
interaction; RSE, residual standard error; L*, 
luminosity (L, 0 = black; 100 = white); a*, red 
color intensity; b*, yellow color intensity; 45’, 45 





The results of this study demonstrate the 
potential for reduction of nutrient levels used in 
pig diets formulation in Brazil, because they are 
apparently above the real requirement of the 
finishing pigs, since the reduction of dietary CP, 
TP and AA level did not affect the pork quality 
in the conditions evaluated in this study. 
Moreover, this dietary adjustment can be an 
efficient way to minimize the environmental 
impact of these nutrients, and InraPorc® 
software is a viable option to reduce the dietary 
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Abstract – The aim was to evaluate the potential use 
of the DEXA technology for estimating total lean, fat 
and bone of beef carcasses and primal cuts. A total 
of 158 left carcass sides were broken down into main 
primal cuts. Primals were scanned with an iDXA 
unit and then fully dissected into fat (subcutaneous, 
intermuscular and body cavity), lean and bone and 
weighed. The highest coefficient of determination 
(R
2
) values were observed between DEXA fat 
content estimation and full dissected fat content 
while the lowest were found between the DEXA 
bone content estimation and bone content obtained 
in the full dissection. The R
2
 values between the 
DEXA fat content and full dissection fat content 
were over 0.79 (round), excluding the foreshank 
primal (R
2
=0.19). The highest R
2
 values for fat were 
observed for the rib (R
2





 values for lean predictions were 
slightly lower than those for fat. The highest R
2
 
values for lean were observed for the flank (R
2
=0.87), 




 values for total 
carcass fat, lean and bone were 0.96, 0.86, and 0.52. 
These results suggest that DEXA technology has the 
potential to estimate carcass traits such as lean yield 
performance.  
 





Body composition analysis is fundamental for the 
evaluation of growth in animal research and for 
genetic selection in animal production but also 
plays an important role for determining carcass 
market value. For instance, in the beef industry, 
lean meat yield, either total or saleable, is one of 
the main merits for determination of beef carcass 
value. The ongoing evolution of the cattle 
population, as well as improved management 
strategies during the last decades has led to a need 
to upgrade the yield algorithms on a regular basis. 
In addition, the diversity of the markets, the 
different basis of payment (such as slaughter 
weight, rail weight, trimmed retail cuts), the 
different method of defining hot carcass weight 
and different methods of calculating lean yield 
across the world have led to confusion in the 
industry [1]. For these reasons, there is an ongoing 
need to establish the relationships amongst the 
different yield assessments (e.g. lean yield 
Canadian Beef Grading vs. % closely trimmed 
retail cuts USDA) to make the appropriate 
conversions at the time of trade. Likewise, 
relationships amongst equations based on primals, 
sub-primals and trimmed retail cuts should be 
established.  
 
Dual energy X-ray absorptiometry (DEXA) is an 
alternative technique that has been successfully 
used to measure body composition in humans [2]. 
This technique has the capability of measuring 
bone mineral content (BMC), bone mineral 
density (BMD), lean tissue mass, fat tissue mass, 
and percentage fat. Recently there has been an 
increased interest in using DEXA technology 
because of its low cost, speed of data collection, 
reliability and ease of use, compared with other 
technologies such as computer tomography. 
DEXA holds promise as an indirect method of 
estimation of the composition of the carcasses. 
However, only a few evaluations have been 
conducted in poultry, pigs, sheep, and calves [3] 
and on the use of DEXA to predict carcass 
composition of market age beef [4, 5]. The 
development of DEXA as a platform technology 
first requires calibrations and development of 
robust equations to attain precision and accuracy 
before using for routine predictions of carcass 
yields. 
 
Therefore, the objective of this study was to 
evaluate the potential use of the DEXA technology 
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for estimating total lean, fat and bone content of 
beef carcasses and main primal cuts. 
 
II. MATERIALS AND METHODS 
 
A total of 158 crossbreed steers finished on a 
common commercial diet were used to build 
calibration equations. All the animals were 
maintained and cared for according to the 
guidelines of the Canadian Council on Animal 
Care [6]. Cattle were ultrasounded monthly (using 
an Aloka 500V diagnostic real time ultrasound 
machine with a 17-cm 3.5-Mhz linear array 
transducer; Overseas Monitor Corporation Ltd., 
Richmond, BC) and steers were serially 
slaughtered from 300 to 800 kg of live weight and 
at ultrasound backfat depth end points from 2 to 
20 mm. 
 
Following splitting of the carcasses, hot carcass 
side weights were recorded. After conventional 
chilling at 2°C for 24 h, left and right carcass sides 
were weighed to determine cooler shrink loss. 
Then, both carcass sides were knife-ribbed at the 





After 20 min exposure to atmospheric oxygen, full 
blue tag Canadian grade data were assessed by a 
certified grader from the Canadian Beef Grading 
Agency. The assessment included fat thickness 
(fat thickness over the rib at ¼, ½ and ¾ position 
from the spinous process), grade fat (minimum fat 
thickness over the rib in 4
th
 quadrant from the 
spinous process), rib-eye area (REA: in cm
2
 of the 
longissimus lumborum), estimated lean yield from 
Canada grade [7] and marbling score was assessed 
subjectively using United States Department of 
Agriculture beef marbling pictorial standards as 
reference points [8]. Carcasses were fabricated 
following normal commercial conditions in plant 
or in meat laboratory facilities. Carcass break 
points were identified following USDA [9] 
Institutional Meat Purchase Specifications (IMPS) 
for Fresh Beef Products, Series 100. The primals 
collected from the left fabricated carcass side were 
the chuck (IMPS #113) rib (IMPS #103), brisket 
(IMPS #118), flank (IMPS #193, non-trimmed), 
foreshank (IMPS #117), loin (IMPS #172A), 
round (IMPS #158A) and plate (IMPS #121) 
primal cuts. Each primal cut was scanned with a 
Lunar iDXA unit (GE Lunar Prodigy Advance, 
General Electric, Madison, WI, USA) using the 
whole body scan option on the standard mode to 
estimate DEXA fat, lean and bone tissues. After 
the DEXA scanning, each left primal cut was fully 
dissected into subcutaneous fat, intermuscular fat, 
body cavity fat, lean and bone and weighed by 
qualified personnel.  
 
All statistical analyses were performed using SAS 
9.3 [10]. The PROC REG was used to evaluate the 
relationship of the variables. Single and stepwise 
regression model procedures were used to analyze 
the data. The accuracy of prediction was evaluated 
in terms of coefficient of determination (R
2
) and 
root mean square error (√MSE). For stepwise 
regression, a significance level of P < 0.05 for 
entry and retention of the variables within the 
equations was applied. 
 
III. RESULTS AND DISCUSSION 
 
The serial slaughter of the cattle from 300 to 800 
kg of live weight and ultrasound backfat depths 
from 2 to 20 mm, resulted in beef carcasses with 
the characteristics described in Table 1. Carcass 
weight (range 208.8 - 452.8 kg), grade fat (range 
2.0 - 20.0 mm), estimated lean yield (range 50.0 - 
62.0 %) and REA (range 52.0 - 114.0 cm
2
) values 
of the carcass population used in the present study 
were within the actual range of the Canadian beef 
carcass market [11]. 
 
Previous studies have reported the efficacy of 
DEXA technology as non-destructive method for 
determining body composition in pork, poultry, 
lambs and cattle [12, 13, 14]. Mostly, these studies 
established comparisons between DEXA 
technology estimations and body chemical 
compositions. In the present study, the 
comparisons were established between the DEXA 
fat, lean and bone content estimation and the 
content obtained through a full dissection of the 
beef carcasses. The relationships between the lean, 
fat and bone content estimated by DEXA 
technology and by the full dissection were proved 
using the coefficient of determination (R
2
).  
Table 1. Descriptive statistics of cattle live weight at 
slaughter and carcass characteristics for the population 
used in the present study. 
Characteristic n Mean SD
a Min Max 
Live weight, kg 158 562.4 86.35 302.0 754.0 
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Carcass weight, kg 158 319.8 52.89 208.8 452.8 
Top, mm 158 13.6 5.22 3.0 31.0 
Middle, mm 158 10.1 3.97 3.0 22.0 
Bottom, mm 158 9.2 3.92 2.0 21.0 
Grade fat, mm 158 8.5 3.84 2.0 20.0 
Estimated lean yield, % 158 59.3 2.88 50.0 65.0 
REAb, cm2 158 79.0 11.17 52.0 114.0 
aSD: Standard deviation. 
bREA: Rib eye area in cm2 of the longissimus lumborum. 
 
For each one of the primal cuts studied, the highest 
R
2
 values were observed for the DEXA fat content 
and the full dissection fat content while the lowest 
were found for the DEXA bone content and the 
bone content obtained by the full dissection (Table 
2). The R
2
 values obtained for the DEXA fat 
content and full dissection fat content were all 
over 0.79, excluding the foreshank primal (R
2
 = 
0.19). The highest R
2
 values were observed for the 
rib (R
2
 = 0.92), flank (R
2
 = 0.87) and loin (R
2
 = 
0.87) while those values were slightly lower for 
chuck (R
2
 = 0.86), brisket (R
2
 = 0.82), round (R
2
 = 
0.79) and plate (R
2
 = 0.86). The percentage of 
variance explained by the model for the overall 
prediction of total dissectible fat content (R
2
 = 
0.96) was higher than those found in the primal 
cuts. 
 
With regard to the lean predictions, although R
2
 
values were slightly lower than those for fat 
estimations, the percentage of variance explained 
by the model for the prediction of lean content 
were also high for the rib (R
2
 = 0.82), flank (R
2
 = 
0.87) and loin (R
2
 = 0.82). Likewise, the R
2
 value 
found between the overall DEXA estimated 
content and total dissectible lean (R
2
 = 0.86) was 
lower than that for fat (R
2
 = 0.96). In practice, the 
full dissection of the different tissues is not 100% 
efficient. In this sense, the lean obtained in the full 
dissection process includes not only the lean per se 
but also other components such as connective 
tissue, intramuscular fat and small intermuscular 
and subcutaneous fat deposits attached, which are 
hard to remove in a practical full dissection. On 
the other hand, DEXA scans provide a measure of 
lean body tissue, which actually includes all other 
components of the soft tissue excluding fat. Both 
factors might have been the main reasons that lead 
to obtain slightly lower R
2
 lean values compare 
with the fat correlations.  
 
Previous studies have reported high correlations 
between the BMC and chemically determined ash 
[15]. DEXA units are designed for the clinical 
assessment of BMC and BMD in human bones. 
Therefore, the current DEXA units available in the 
market are not calibrated to estimate the whole 
bone tissue content. This could have been the main 
reason for the low correlations obtained in the 
present study between BMC and bone weights 
obtained both in the individual primals and total 
dissectible bone. Particularly poor relationships 
were observed in those beef primals that include 
big and thick long bones, such as foreshank (R
2
 = 
0.07) and round (R
2
 = 0.29). 




 between dual-energy x-ray 
absorptiometry values and the traditional carcass cut-out 
for lean, fat and bone of the different primal cuts 
(n=158). 
Beef primal Fat Lean Bone 
Chuck 0.86 0.75 0.49 
Rib 0.92 0.82 0.64 
Brisket 0.82 0.68 0.45 
Flank 0.87 0.87 0.31 
Foreshank 0.19 0.08 0.07 
Loin 0.87 0.82 0.58 
Round 0.79 0.60 0.29 
Plate 0.86 0.80 0.27 
Overall 0.96 0.86 0.52 
aR2: coefficient of determination. 
 
Currently, for the assessment of soft tissue 
composition, DEXA units have been calibrated 
against phantoms of known chemical analogue 
compound in terms of muscle energy absorption. 
These calibrations are optimized for human beings 
and might be implemented for specific animal 
populations in which tissue composition is 
determined chemically. The implementation of 
these customized phantoms for cattle populations 
might improve the calibrations purposes pursued 




The results of the present study suggest that dual 
energy X-ray absorptiometry technology has the 
potential to estimate beef carcass traits such lean 
yield performance. Studies are ongoing to improve 
and validate calibration curves to increase the 
prediction accuracy for use in beef populations. 
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Abstract – Acerola (Malpighia punicifolia) by-
product derived from the industrial processing of 
the fruit juice was evaluated as an alternative 
source of nutrients in feed formulation for pasture-
raised Label Rouge broiler chickens. Birds’ 
productive performance, carcass characteristics 
and biometric parameters were evaluated using 
different levels of acerola by-product meal 
supplementation (0% - control, 10% and 20%). It 
was found a negative effect on the birds feed 
conversion ratio associated with the highest level of 
acerola by-product meal in the birds’ diet. For that 
treatment, the increase of dietary fibers level 
caused the development of birds’ digestive tract, 
especially gizzard and duodenum. Nevertheless, the 
supplementation with 10% acerola by-product meal 
did not significantly affect the feed conversion rate 
nor the body composition (main meat cuts, viscera, 
abdominal fat and gizzard percentage), but the 
carcass yield of birds fed both supplementation 
levels of the product was lower than the control. 
Although the production variables need to be 
optimized to reduce this negative effect, this study 
may contribute to enlarge the vision of broiler 
chickens producers, providing options to reduce the 
dependence on high technology and high cost 
facilities and breeds, and on grains and other rich 





According to the United Nations [1] estimation, 
the world population will reach 9 billion people 
by 2050 and the global food production will 
need to rise by 70%. On the other hand, the 
society claims for more strict environmental 
protection laws, restricting the possibility of 
expanding the area used for food production. In 
this scenario, there is concern about the the 
procedures adopted by the sector of poultry 
production, which invests in genetic 
development focused on broilers able to convert 
high-quality ingredients better and faster, 
especially corn and soybean, since those 
ingredients should be destined for human 
nutrition. Because of that, the interest in poultry 
meat production employing less intensive 
rearing systems and in alternative ingredients to 
replace corn and soybean meal in birds ration is 
increasing [2]. The rearing of slow growing 
broiler chickens breeds in pasture-based systems 
provides a more natural condition to the animals, 
reduces the environmental impact associated 
with the high concentration of birds and makes 
possible the use of residues – or by-products – 
from other agricultural activities for feeding the 
birds. Furthermore, these production systems 
can include social aspects, since they can be 
practiced by small and medium producers, who 
were excluded from the broiler production 
market due to the high costs of equipment, 
facilities and supplies required in intensive 
systems. In this study, acerola (Malpighia 
punicifolia) by-product meal from the fruit juice 
processing industry was evaluated as an 
alternative source of nutrients in feed 




II. MATERIALS AND METHODS 
 
A total of 150 one-day-old Label Rouge males 
and females broiler chickens were distributed in 
a completely randomized design with three 
treatments and five replicates. The treatments 
were: T1-control diet, based on corn and 
soybean meal with no addition of acerola by-
product meal, T2-10% acerola by-product meal 
added to the basal ration, and T3-20% acerola 
by-product meal added to the basal ration. 
Acerola by-product meal was obtained by 
natural drying process to 12% of moisture, 
followed by grinding and packaging. The birds 
were weighed at the beginning of the experiment 
and distributed in 15 paddocks, with 10 birds in 
each. All paddocks had a covered and a pasture 
area. The diets were formulated to starter/grower 
(1-35 d) and finisher (36-87 d) phases according 
to NRC [3] (Table 1).  The ration was provided 
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ad libitum during the whole experimental period. 
To evaluate productive performance of the birds, 
feed intake and weight gain were measured 
every two weeks and the feed conversion ratio 
was calculated based on those results. At 87 
days of experiment, six birds – three males and 
three females - were randomly selected and, 
after a 8 h fasting period, they were weighed 
again, identified and slaughtered according to 
Brazilian laws [4,5,6].  
Table 1. Ingredients and nutrient composition of the 
experimental diets. 
* Provided per kg of diet: vitamin A, 8800 IU; vitamin D3, 
3300 IU; vitamin E, 40 IU; vitamin K3, 3.3 mg; thiamine, 
4.0 mg; riboflavin, 8.0 mg; pantothenic acid, 15 mg; 
niacin, 50 mg; pyridoxine, 3.3 mg; choline, 600 mg; folic 
acid, 1 mg; biotin, 220 g; vitamin B12, 12 g; antioxidant, 
120 mg; manganese, 70 mg; zinc, 70 mg; iron, 60 mg; 
copper, 10 mg; iodine, 1.0 mg; selenium, 0.3 mg. Basal 
ration formulated according to NRC requirements. T1-
control diet; T2-10% acerola by-product meal added to the 
ration; T3-20% acerola by-product meal added to the 
ration; ME: metabolizable energy  
 
At slaughter, the eviscerated carcass, as well as 
breast, legs, wings, gizzard, viscera and 
abdominal fat (cloacae and gizzard region) were 
weighed. The yield of the eviscerated carcass, 
gizzard, viscera and abdominal fat were assessed 
in relation to weight at slaughter, while the yield 
of meat cuts – breast, legs and wings - were 
assessed in relation to the eviscerated carcass. 
The birds’ intestine and its portions (duodenum, 
jejunum + ileum and cecum) were measured to 
evaluate the effect of dietary fibers level on the 
intestinal tract of the birds. The results were 
analyzed by ANOVA and Tukey test with 
significance level of 5% [7]. Statistical analysis 




III. RESULTS AND DISCUSSION 
 
The results presented in Table 2 show a negative 
effect on the birds’ feed conversion ratio 
associated with the highest level of acerola by-
product meal in diet. Higher content of fibers in 
the diet can reduce the productive performance 
of the birds, by reducing the utilization of 
nutrients and its metabolizable energy [9]. When 
fibrous ingredients are added to the diet, high 
energy level ingredients like soybean oil must be 
added in order to meet the energy demands of 
birds without changing the other nutrients in the 
ration. The association of the higher dietary 
fibers level and the addition of a higher amount 
of soybean oil in the ration accelerates the feed 
transit through the digestive tract, which 
explains the worse performance of the birds fed 
diets with 20% acerola by-product meal. The 
addition of 10% acerola by-product meal in the 
birds’ diet did not affect feed consumption, 
weight gain or feed conversion ratio. 
Table 2. Productive performance of Label Rouge 











 42 d 
Control 4.48  0.15 1.60  0.07 2.80b  0.09 
10% ABM 4.37  0.13 1.56  0.10 2.80b  0.13 
20% ABM 4.17  0.16 1.38  0.05 3.03a  0.06 
 87 d 
Control 10.09
  0.47 3.02  0.14 3.35b  0.12 
10% ABM 10.33
  0.16 3.04  0.11 3.40ab  0.15 
20% ABM 10.27
  0.10 2.84  0.13 3.62a  0.19 
Means in a column for the same age followed by different 
letters differ significantly by Tukey test (P < 0.05). ABM - 
acerola by-product meal 
 
 Phase 
 Starter/grower Finisher 
Ingredients (%) T1 T2 T3 T1 T2 T3 
Corn 66.02 54.15 42.28 71.19 59.75 48.31 
Soybean meal  
(45%) 
28.94 28.70 28.45 23.84 23.77 23.69 
Acerola  
by-product meal 
- 10.00 20.00 - 10.00 20.00 
Soybean oil - 3.21 6.41 - 3.00 6.01 
Dicalcium  
phosphate 
1.05 1.06 1.08 0.73 0.74 0.74 
Limestone 0.77 0.66 0.55 0.63 0.51 0.40 
NaCl       0.44 0.45 0.46 0.41 0.41 0.42 
L-Lysine HCl 0.19 0.18 0.17 0.05 0.04 0.02 
DL methionine 0.22 0.23 0.24 0.10 0.11 0.12 
L-threonine 0.02 0.03 0.03 - - - 
Filler 1.99 0.99 - 2,75 1.38 - 
Premix*  0.34 0.34 0.34 0.30 0.30 0.30 
Calculated Value 
ME (kcal /kg) 2,900 2,900 2,900 2,950 2,950 2,950 
Crude protein 
(%) 
18.61 18.53 18.42 16.50 16.50 16.50 
Available  
phosphorus (%) 
0.30 0.30 0.30 0.23 0.23 0.23 
Calcium (%) 0.64 0.64 0.64 0.50 0.50 0.50 
Sodium (%) 0.20 0.20 0.20 0.18 0.18 0.18 
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The results presented in Table 3 show that the 
birds fed rations containing acerola by-product 
meal had lower carcass yield than the birds of 
control group. For the 20% acerola group, this 
result can be due to the higher percentage of 
viscera and gizzard, associated with the 
physiological adaptation of the birds’ digestive 
tract to digest fibers. Among the birds that 
received 10% of acerola by-product meal in the 
diet, body composition, evaluated by the main 
meat cuts, viscera, abdominal fat and gizzard 
percentage, did not differ from control, but the 
results suggest that, for this group, carcass yield 
could be improved by adjusting the diet 
formulation and so reducing the abdominal fat 
percentage. 
Table 3. Carcass yield and body composition of Label 
Rouge broiler chickens. 
  Control 10% ABM 20% ABM 
Carcass  
yield (%) 
70.81a  2.60 68.58b  1.56 67.95b  1.64 
Legs (%) 31.81
  1.52 31.98  1.08 31.52  1.41 
Breast (%) 30.76
  2.04 29.88  2.43 29.41  2.03 
Wings (%) 9.96
  1.42 10.15  0.70 10.55  0.61 
Viscera (%) 13.40
b  2.74 14.33ab  1.74 15.70a  2.50 
Abdominal 
 fat (%) 
4.60  2.10 4.92  2.40 4.39  2.14 
Gizzard (%) 3.98
b  1.61 4.49b  1.22 5.13a  1.75 
Means in a line followed by different letters differ 
significantly by Tukey test (P < 0.05). ABM - acerola by-
product meal 
 
The adaptation of the birds’ digestive tract to 
digest fibers is confirmed by the biometric 
parameters results presented in Table 4, that 
show a development in the birds’ duodenum 
and, consequently, in the birds’ intestinal tract 
length, associated with the acerola by-product 
meal consumption. The development of birds’ 
digestive tract surface is essential for the 
nutrients absorption. 
Table 4. Biometric parameters of birds’ intestinal tract. 
 Control 10% ABM 20% ABM 
Intestine (m) 1.91b  0.09 2.05a0.13 2.00ab0.12 
Duodenum (m) 0.28b  0.02 0.31a  0.02 0.32a  0.02 
Jejunum + 
Ileum (m) 
1.44  0.09 1.54  0.12 1.48  0.10 
Cecum (m) 0.19  0.02 0.20  0.01 0.20  0.02 
Means in a line followed by different letters differ 





The addition of acerola by-product meal in 
broiler ration and, as a consequence, the increase 
in dietary fibers level, caused a development of 
the birds’ digestive tract, as an adaptation 
response.  
Acerola by-product meal at 20% in broilers’ diet 
caused a negative effect on feed conversion ratio 
and carcass yield.  
Acerola by-product meal at 10% in broilers´ 
diets did not affect feed conversion but 
decreased carcass yield. So, additional research 
will be necessary to optimize the variables 
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Abstract – The effects of including rapeseed meal 
(RSM) and cereal by-products in pig diets on 
growth and carcass and meat quality were studied. 
Two experiments were conducted. In experiment 1, 
two diets were applied, one conventional (RC) and 
other including RSM (RR; 120 g/kg during 
growing phase and 200 g/kg during finishing 
phase). In experiment 2, animals were fed a 
conventional diet (BC) or a diet containing rice 
bran and hominy feed (BB; 60 and 120 g/kg, 
respectively, during growing phase and 80 and 125 
g/kg during finishing phase). Weight and feed 
intake were controlled. Carcass and meat quality 
traits were studied. The fatty acid composition of 
the subcutaneous fat was analyzed. Growth 
performance and most carcass traits were similar 
between diets in both experiments. However, fatty 
acid composition was modified. In experiment 1, 
RR group showed lower saturated fatty acid 
(SFA) and greater monounsaturated fatty acid 
(MUFA) percentages; in experiment 2 animals fed 
with BB diet showed lower SFA and MUFA but 
greater polyunsaturated fatty acid (PUFA) 
percentages. Levels up to 200 g/kg of RSM in pig 
diets did not impair overall performance and meat 
quality. However, diets combining rice bran and 




The use of non-conventional feedstuffs 
derived from the biofuel and food industry in 
animal feeding is becoming increasingly 
important. It helps to decrease feed costs and 
competition between animal feed and human 
food. Rapeseed meal (RSM) from the 
biodiesel industry can potentially be used as a 
protein source in pig diets. Other by-products 
such as rice bran and hominy feed coming 
from rice and beer industries, respectively, can 
be used as energy sources. The suitability of 
alternative feedstuffs to be used in animal 
feeding depends not only on its nutritional 
value, but also on its effects on carcass and 
meat quality. Due to its variable content in 
fiber and antinutritional factors, high RSM 
levels in diets can sometimes be associated to 
a decreased growth performance [1,2]. 
Additionally, high levels of fibrous by-
products, including RSM, in finishing pigs 
might negatively influence carcass yield and 
quality [3]. Studies reporting the consequences 
of including hominy feed and rice bran in diets 
on performance and meat quality are scarce. 
However, due to their high fiber and 
unsaturated fat content, effects in carcass 
quality and fat consistency might be expected 
[4]. The present study investigates the effects 
of including high levels of these by-products 
in pig diets on growth performance and 
carcass and meat quality. 
 
II. MATERIALS AND METHODS 
 
Two experiments were performed. In 
experiment 1 (exp. 1), 96 pigs of 42.4 ± 4.04 
kg of weight were allocated into two dietary 
treatments: a conventional diet (RC) and a diet 
containing RSM (RR). Rapeseed meal was 
added in substitution of soybean meal. The 
level of RSM in the RR diet was 120 g/kg 
during the growing phase (40-70 kg) and 200 
g/kg during the finishing phase (70-114 kg). In 
experiment 2 (exp. 2), 160 pigs of 30.0 ± 3.77 
kg were also allocated into two dietary 
treatments: a conventional diet (BC) or a diet 
containing by-products from cereals (rice bran 
and hominy feed, BB). These by-products 
replaced sorghum and barley in diets. The 
level of rice bran and hominy feed in the BB 
diet was 60 and 120 g/kg, respectively, during 
the growing phase (30 to 70 kg BW) and 80 
and 125 g/kg during the finishing phase (70 to 
110 kg BW). Live weight and feed 
consumption were controlled in both 
experiments and the average daily gain (ADG), 
average daily feed intake (ADFI) and feed 
conversion ratio (FCR) were then calculated. 
The total duration of the experiments was 76 
(exp. 1) and 90 days (exp. 2).  
 
At the end of the experimental period (113.5 ± 
12.17 kg BW in exp. 1 and 104.6 ± 9.5 kg BW 
in exp. 2) pigs were slaughtered. Fasting was 
practiced for approximately 12 hours before 
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slaughter. Hot carcass weight and carcass 
composition were recorded immediately after 
slaughter from all animals. Carcass yield was 
calculated (hot carcass/ live weight). Carcass 
composition (lean meat percentage in the 
carcass and in the main cuts, lean and fat 




 rib and fat percentage 
in ham) was measured using an ultrasonic 
automatic carcass grading device 
(AutoFomTM, Carometec food technology, 
Denmark). At 2 h post-mortem three measures 
were registered at the left side of the carcass:  
pH in the Semimembranosus muscle, fat 
thickness at the level of the Gluteus medius 
muscle and meat color parameters (lightness, 
L*; redness, a*; yellowness, b*) at the 
Gracillis muscle (CR300 Minolta 
Chromameter, Konica Minolta, Osaka, Japan). 
A sample of subcutaneous fat was removed at 
the second cervical vertebrae from 12 (exp. 1) 
and 15 (exp. 2) animals per treatment. Fat 
samples were transported to the laboratory 
within 24 h in cold (4ºC) conditions and stored 
at -80ºC in vacuum-packed opaque bags until 
fatty acids (FA) analyses were performed. 
Before storage, color (L*, a*, b*) was also 
determined in subcutaneous fat at 24 h post-
mortem. For determining the FA profile in the 
subcutaneous fat, fatty acid methyl esters 
(FAME) were prepared [5] and analyzed in a 
Focus Gas Chromatograph (Thermo, Milan, 
Italy). The individual FA were identified by 
comparing their retention times with standards 
of FAME supplied by Supelco (PA, USA) and 
quantified using C21:0 as internal standard. 
Saturated fatty acids, MUFA and PUFA were 
expressed as a percentage of total fatty acids 
and the PUFA/SFA ratio was calculated. The 
iodine value of subcutaneous fat was 
calculated using the equation described by the 
American Oil Chemist’s Society [6]. 
                   
Data were analyzed using SAS System Software 
(SAS Inst. Inc., Cary, NC). Differences in 
growth performance and carcass and meat 
quality traits were tested by analysis of variance 
using the GLM procedure of SAS. In all cases, 
the dietary treatment was considered the main 
class factor and sex was additionally included as 
a block factor in the model. 
 
III. RESULTS AND DISCUSSION 
 
In exp. 1, pigs from the RR group showed a 
lower ADG than RC animals during the 
growing phase (P = 0.011; data not shown). 
However no differences were found on total 
ADG, ADFI and FCR (Table 1). Literature 
shows contradictory results on growth 
performance when including high levels of 
RSM in pig diets. While some studies did not 
find differences in performance feeding diets 
with up to 210 g/kg of RSM [7,8], others 
showed negative effects on growth 
performance with lower RSM inclusion levels 
(75 – 200 g/kg) [1,2]. The variability among 
RSM sources (composition and antinutritional 
factors) could explain these controversial 
results. The inclusion of the particular source 
of RSM used in the present study (per kg dry 
matter: 371 g crude protein, 349 g neutral 
detergent fiber and 1469 mg isothiocyanate) 
did not compromise growth performance at 
high (up to 200 g/kg) inclusion levels.  
 
Animals fed RR diet showed higher b* in the 
Gracillis muscle and lower L* in the 
subcutaneous fat, compared with animals fed 
with RC diet (Table 1). Other carcass and meat 
quality traits showed no difference among 
treatments. As regards to subcutaneous fat 
composition, pigs fed with RR diet had a 
lower SFA and a higher MUFA percentage 
than RC animals. The PUFA percentage was 
similar between treatments and the ratio 
PUFA/SFA was greater in RR animals. In 
terms of individual FA, RR animals showed a 
lower C18:0 and higher C16:1-n7, C18:1n-7, 
C20:1n-9, C18:2n-6 and C18:3n-3 content 
(mg/100 g fat) than RC animals (data not 
shown). The calculated iodine value of the 
subcutaneous fat was higher in RR animals 
compared to RC animals. In agreement with 
the variable results obtained for growth 
performance, the inclusion of RSM in diets 
shows variable effects on carcass and meat 
quality in the literature. Although high (500 
g/kg) levels of  fibrous by-products like RSM 
in pig diets can decrease carcass yield [3], 
other studies, including the present work, 
showed no effects at inclusion levels of 180 to 
240 g/kg of RSM [8,11]. The differences 
found in meat and fat color in the present 
study were not expected and not reported in 
previous studies.  
 
Fatty acid profile of the subcutaneous fat and 
iodine value changed with the inclusion of 
RSM (table 1). Adequately firm pork fat 
should have the iodine value below 74 [12]. In 
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exp. 1, the calculated value was lower than 
this level and no visual or technological 
problems related with fat firmness were 
detected. On the other hand, differences 
obtained in FA profile in exp. 1 might not be 
directly attributable to RSM, but to the 
combined effect of fat addition when soybean 
meal is partially replaced by RSM in diets. 
The greater fiber content and the lower fat 
content of RSM compared to soybean meal 
implied the need for increasing added fat 
levels to maintain energy. 
Table 1 Growth performance, carcass and meat 
quality traits of pigs fed a control (RC) diet or a 
diet including rapeseed meal (RR) 
 Treatments   




Daily gain, g/d 972.9 914.9 21.46 0.071 
Daily feed intake, g/d 2307.2 2217.9 64.88 0.342 
Feed conversion, g/g 2.38 2.44 0.032 0.260 
Carcass yield, % 74.7 74.2 0.7 0.585 
Carcass lean, % 58.3 58.6 0.3 0.578 
Ham lean, %b 44.7 45.0 0.4 0.598 
Loin lean, %b 60.0 60.5 0.5 0.452 
Lean at 3rd-4th rib, % 56.8 56.1 0.9 0.585 
Fat thickness at 3rd-
4th rib, mm 
15.9 15.3 0.5 0.365 
Ham fat, % 11.5 11.1 0.3 0.365 
Fat thickness at 
Gluteus medius, mm 
11.5 10.9 0.6 0.426 
pH at 
Semimembranosus 
6.23 6.27 0.04 0.477 
Color     
  Gracillis     
    L* 35.5 35.6 0.5 0.813 
    a* 10.6 10.8 0.3 0.662 
    b* 0.9 1.8 0.2 <0.001 
  Subcutaneous fat     
    L* 75.1 74.7 0.1 0.036 
    a* 2.3 2.6 0.1 0.150 
    b* 3.8 3.6 0.1 0.487 
Fatty acid profile     
   SFA 37.43 34.40 0.57 <0.001 
   MUFA 45.80 48.01 0.50 0.003 
   PUFA 16.77 17.60 0.34 0.088 
   Ratio PUFA/SFA 0.45 0.51 0.02 0.005 
Iodine value 67.20 70.60 0.67 <0.001 
L* = lightness; a* = redness; b* = yellowness. 
SFA = saturated fatty acid percentage 
MUFA = monounsaturated fatty acid percentage 
PUFA = polyunsaturated fatty acid percentage 
 
In exp. 2, no differences were detected in 
ADG, ADFI and FCR between treatments 
(Table 2). Studies describing the maximum 
inclusion levels for these by-products in pig 
diets are scarce in the literature. However, 
previous studies reported a similar energy 
content of these by-products compared to 
cereals for pigs [9,10]. According to the 
present study, it is possible to substitute 
moderate levels of cereals (sorghum and 
barley) by a combination of hominy feed and 
rice bran in diets for pigs from 30 to 110 kg.  
Table 2 Growth performance, carcass and meat 
quality traits of pigs fed a control (BC) diet or a 
diet including cereal by-products (BB) 
 Treatments   





Daily gain, g/d 839.5 818.5 10.16 0.155 
Daily feed intake, g/d 2032.3 1991.1 28.44 0.416 
Feed conversion, g/g 2.43 2.45 0.028 0.636 
Carcass yield, % 74.2 73.8 0.41 0.501 
Carcass lean, % 59.1 58.9 0.26 0.698 
Ham lean, % 45.5 45.4 0.28 0.711 
Loin lean, % 61.0 61.0 0.35 0.969 
Lean at 3rd-4th rib, % 58.4 56.4 0.65 0.030 
Fat thickness at 3rd-
4th rib, mm 
15.0 14.6 0.30 0.341 
Ham fat, % 10.9 10.6 0.21 0.340 
Fat thickness at 
Gluteus medius, mm 
0.91 0.91 0.057 0.978 
pH at 
Semimembranosus 
5.91 5.83 0.060 0.268 
Color     
  Gracillis     
    L* 41.7 42.1 0.53 0.499 
    a* 7.7 7.8 0.32 0.699 
    b* 1.16 1.17 0.128 0.977 
  Subcutaneous fat     
    L* 73.3 74.7 1.53 0.483 
    a* 2.7 2.6 0.28 0.777 
    b* 3.7 3.7 0.26 0.881 
Fatty acid profile     
   SFA 35.9 34.3 0.5 < 0.05 
   MUFA 46.8 42.53 0.5 < 0.001 
   PUFA 17.3 22.2 0.5 < 0.001 
   Ratio PUFA/SFA 0.48 0.65 0.02 < 0.001 
Iodine value 68.97 74.43 0.70 < 0.001 
L* = lightness; a* = redness; b* = yellowness. 
SFA = saturated fatty acid percentage 
MUFA = monounsaturated fatty acid percentage 
PUFA = polyunsaturated fatty acid percentage 
 
Animals fed with hominy feed and rice bran 
showed a lower percentage of lean at 3
rd
 – 4th 
rib (Table 2).  
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Other carcass and meat quality traits showed 
no difference among treatments. Regarding 
FA profile of subcutaneous fat, animals fed 
with BB diets presented a lower SFA and 
MUFA percentage compared to BC animals. 
However, PUFA percentage was higher in 
animals fed BB diet, mostly due to an increase 
on C18:2n-6, C18:3-n-6 and C20:2n-6 content 
(mg/100 g fat). Fat from animals fed BB diet 
showed a higher ratio PUFA/SFA and iodine 
value. Hominy feed and, especially, rice bran 
are by-products with a high fiber and fat 
content, compared to cereals. As previously 
discussed in exp. 1, the inclusion levels of by-
products tested in the present study did not 
lead to differences in carcass yield, as 
expected when high fibrous ingredients are 
added to diets. However, significant changes 
on FA profile were found. The high PUFA 
levels found in the pigs fed diets with cereal 
by-products might compromise fat firmness. 
In fact, the estimated iodine value of these pigs 
in exp. 2 reached the limit for adequately firm 
pork [12]. Contrary to exp. 1, this effect is 
considered a direct consequence of the 
replacement of cereals by hominy feed and 
rice bran. Farrell and Hutton (1990) also 
reported differences in fat firmness when rice 
by-products were fed to pigs. Then, 
suggestions that these energy by-products in 
diets might lead to inferior fat quality were 




The inclusion of RSM in pig diets was safe in 
terms of overall growth performance and meat 
quality traits. However, diets combining rice 
bran (80 g/kg) and hominy feed (125 g/kg) in 
finishing pigs could lead to changes in FA 
profile that compromise fat firmness. 
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Puerto Rico is lacking a classification system for 
locally produced beef. This could result in  
consumer preference for US imported beef, which 
has quality classification labels. Eighty-one 
carcasses were selected randomly from two 
commercial slaughterhouses. Subsequently, 
Longissimus dorsi (LD) was taken and analyzed 
[pH, color (L*, a*, b*) and Warner-Braztler Shear 
force (WBSF)] 24 hours post-mortem. A sample 
classification according to type of cattle (dairy vs. 
beef), sex and age was used. A tendency toward 
significance was observed in WBSF (p-value=0.06) 
for the effect of type. In that regard, the beef type 
cattle presented lower WBSF values. Also, a lower 
pH resulted in the beef type cattle (p-value = 0.05). 
There was a significant interaction between sex 
and type of cattle for colors a* (redness/greenness) 
and b* (yellowness/blueness). There were 
differences between sex for color a* in beef and 
dairy type cattle (p-value=0.03). Differences in 
color a* and b* were obtained between gender 
groups with males in beef and dairy type cattle 
having greater values (p-value=0.009 and p-
value=0.01, respectively). All meat samples 
evaluated in the present study showed normal pH 
values, and color was within a range that could be 




In Puerto Rico there is no classification system 
for locally produced beef. This causes that all 
cattle that is sacrificed in the island ends up in 
the fresh meat aisle regardless of quality 
parameters. Tenderness and color of beef are 
very important traits used to determine meat 
quality. Consumer’s rate meat with 5.7 kg or less 
of Warner-Braztler Shear Force (WBSF) as 
acceptable meat (1) and US beef consumers are 
willing to pay a premium of $4.05/kg for 
guaranteed tender meat (2). Beef color intensity 
and brightness is very influential when the 
consumer has to choose. Bright red color is the 
one preferred by the consumer; for it indicates 
freshness and that the beef came from young 
animal. Much research has been directed to these 
attributes with the expectation of better 
understanding the mechanisms responsible for 
acceptable color, greater tenderness and sensory 
palatability (3, 4, 5, 6). All these factors 
including the low economic value obtained per 
pound produced have greatly affected our local 
production of beef. In the last four years, a 15% 
decrease in production, equivalent to 5 million 
pounds of meat produced in the Island, was 
reported by the USDA Agriculture Statistics of 
Puerto Rico (7). Also, it seems that Puerto Rican 
beef consumers are un-impressed by local non-
classified beef when compare to the increasing 
variety of imported meat with quality labels.  
 
The objective of this study was to evaluate the 
effect of type of cattle and sex on pH, color and 
tenderness of beef from commercial cattle raised 
in the tropic. This study is part of a major project 
aimed to determine the reliability of a potential 
classification system based on chronological age 
and sex of slaughtered cattle, and to provide 
specific recommendations to ensure the 
production of tender beef in the Island, focusing 
on the effects of aging as a fundamental tool for 
sensory improvement of beef. The advantage of 
having a meat classification system based on 
scientific evidence could greatly improve the 
beef cattle industry, especially in tropical 
environments. 
 
II. MATERIALS AND METHODS 
 
Eighty-one carcasses were selected randomly 
at two commercial slaughterhouse located at 
the south (Ganadería Santiago) and north 
(Ganaderos Alvarados) regions of Puerto Rico. 
These were classified by type of cattle (dairy 
vs. beef), sex (female vs. male) and age. The 
latter were determined by the number of 
permanent incisors (0, 2, 4, 6, 8) as described 
by Casas et al (8). All harvesting and 
processing was in compliance with the 
HACCP model for beef slaughter of the 
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USDA Food Safety and Inspection Service. 
 
The Longissimus dorsi LD samples of each 
carcass were taken of the left hindquarter and 
were analyzed 24 hours after slaughter for pH 
(Meter Model No. 1142003 SP70P, VWR 
International, Batavia, IL), instrumental color 
measurements [L* (lightness; 0: black, 100: 
white), a* (redness/greenness; positive values: 
red, negative values: green), and b* 
(yellowness/blueness; positive values: yellow, 
negative values: blue)] using a photometer 
Mini Scan EZ 45/0 LAV (Hunter Lab, Reston, 
VA). Tenderness was determined by Warner-
Bratzler shear force according to the AMSA 
(1995)'s guidelines.  
 
The experimental design was completely 
randomized and the data was analyzed using 
PROC GLM of SAS (version 9.2). The lineal 
model included the fixed effects of type, sex 
and its correspondent interaction. In addition, 
the number of permanent incisors was used as 
a covariate. Means were separated by LSD test. 
The level of significance considered in this 
study was 0.05.  
 
III. RESULTS AND DISCUSSION 
 
In the present study a lower pH was observed in 




Fig. 1 Differences in pH between beef and dairy 
type cattle at 24 hrs postmortem  
 
In addition, there was a significant interaction 
between type of cattle and sex for both color 
a* and b* (Fig. 2 and 3, respectively). The 
beef type cattle color a* was higher in males 
than females (15.731±0.496, 14.223±0.464; 
respectively, p-value=0.03). Meanwhile, the 
dairy type cattle did not show sex differences 
(13.714±0.587 males vs. 14.678±0.464 
females, p- values>0.05). Similarly, in females, 
beef and dairy type cattle did not have 
differences (p-value> 0.05). However, the 
color a* in males was different by type of 
cattle (15.731±0.496 beef and 13.714±0.587 




Fig. 2. Sex by type of cattle interaction for color a* 
at 24 hrs postmortem 
 
The color b* value in dairy type cattle was not 
affected by sex as well as the beef type cattle (p-
value>0.05). In the contrary, it was different 
between males in the beef and dairy type cattle 
(11.720±0.476, 9.930±0.564; respectively, p-
value=0.01). There was no difference in color L* 




Fig. 3 Sex by type interaction for color b* at 24 hrs 
postmortem (P = 0.01). 
 
The pH range for bovine LD muscle with 
normal postmortem metabolism is 5.40 to 5.59 
(9). According to USDA grading standards, 
meat with a pH value of 5.87 or greater is 
classified as “dark cutters” (9). A high pH and 
dark meat color is characteristic of cattle that 
suffered from stress before slaughter (3, 10). 
Even though in the present study dairy type 
cattle presented a higher pH (5.71) than beef 
type cattle (5.58), it could not be classified as 
dark cutter. However, there is an indication 
that beef type cattle could result in a better 
quality and shelf life due to a more 
compromised muscle metabolism in dairy type 
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cattle. This in turn could affect the postmortem 
conversion of muscle to meat. The WBSF of 
our study presented a tendency towards 
significance for the effect of the type of cattle 
(p-value = 0.06). The beef type cattle had 
lower WBSF than the dairy type cattle. The 
average WBSF of the analyzed LD samples 
from cattle sacrificed in Puerto Rico is 6.9 kg 
(6.92 ± 0.42) for beef type cattle and 8.6 kg 
(8.64 ± 0.54) for dairy type cattle, resulting in 
a combined WBSF value of 7.75 kg. Such 
values are not in range for the locally 
produced beef to be considered tender, given 
that a tender beef classification should be 
associated with a WBS of 5.7 kg or less (1).  
 
Meat color is of great importance since it’s the 
first thing consumers see when they purchase 
meat (3, 9). The consumer discriminates 
against darker colored meat because of its 
association with decreased freshness (3).  Meat 
with a high ultimate pH will present a dark 
purple color. This occurs because there is less 
space between muscle fibers due to the high 
water holding capability of this meat and not 
much light is reflected (9, 10, 11). Even 
though no differences were observed in L* 
value in this project, the meat from LD beef 
males were redder and yellower, which could 
result in a more visually appealing color 




In this study, commercially produced meat from 
beef type cattle presented a tendency to have a 
lower WBSF. Also, this type of animal showed a 
lower, more favorable pH, and in males a 
different and potentially more appealing color 
was observed. These findings are the first steps 
towards the establishment of an appropriate 
classification system for the beef produced in 
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